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Abstract : We have used distorted wave (DW) approximation theory to study the excitation of the few lower excited states of Ca (n * 4,
5) and Sr (n = 5,6) from their ground state. Hartree-Fock wave functions ohteined from Fischer's Code are used to represent the ground and excited 
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1. In t ro d u c t io n
Most of th e  e a r l ie r  s tu d ie s  o n  e le c tro n  im p a c t ex c ita tio n  
of atoms h a v e  b e e n  c o n f in e d  o n  th e  S-S an d  S-P 
transitions. I t  is  o n ly  re c e n tly  th a t so m e  g ro u p s  h a v e  
focused on s tu d y in g  th e  S-D e x c ita tio n s  in so m e  lig h te r  
atoms like h y d ro g e n  a n d  h e liu m . T h e  e x c ita tio n  o f  th e  D 
states of a to m s  is  o f  in c re a s in g  in te re s t [ 1] s in ce  c a rry in g  
out ‘perfect s c a t te r in g  e x p e r im e n t’ is  e m p h a s iz e d  (2). 
Calculation o f  th e se  s ta te s  is  m o re  c h a lle n g in g  th a n  fo r  
the ex citation  o f  a  P  s ta te . O u r  g ro u p  h a s  p re v io u s ly  
carried o u t re la tiv is tic  d is to r te d  w a v e  (R O W ) c a lc u la tio n s  
for the e x c ita tio n  o f  th e  D s ta te s  o f  m a g n e s iu m  [3 ,4 ], 
calcium an d  s tro n tiu m  [S ]. In  th e se  c a lc u la tio n s , b o th  th e  
bound e le c tro n s  o f  th e  a to m  a s  w e ll  a s  p ro je c t i le  
continuum e le c tro n s  a r e  d e s c r ib e d  re la tiv is tic a lly  a n d  a re  
obtained th ro u g h  s o lv in g  th e  D ira c  e q u a tio n s . In  th e  
P'^sent paper, w e  p e rfo rm  n o n -re la tiv is tic  d is to r te d  w a v e  
(DW) ca lcu la tio ns fo r  th e  S to k es  p a ra m e te rs  o f  th e  e m itted  
photons w h ile  th e  e x c ite d  n'**D s ta te s  o f  C a  (n  =  4 , 5 ) 
sod Sr (n =  5, g )  d e c a y  to  th e ir  lo w e r  P s ta te . T h is  P 
state may fu r th e r  su b se q u e n tly  d e c a y  b y  a n o th e r  c a sc ad in g  
photon em iss io n  to  a  s ti l l  lo w e r  S  s ta te . W e  p re s e n t o u r  
DW results a n d  c o m p a re  w ith  th e  R D W  c a lc u la tio n s  a t 
olectron im pac t e n e rg ie s  o f  2 0  a n d  4 0  eV. T h e  co m p ariso n  
*bus provides th e  im p o r ta n c e  o f  re la t iv is t ic  e f fe c ts . T h e re
^ponding Author
a re  n o  e x p e rim en ta l re su lts  a t th e  m o m e n t to  c o m p a re  
w ith  th e se  ca lcu la tio ns, how ever, th e re  a re  p lans  to  m e asu re  
the  S to k es  p a ra m e te rs  fo r  th e  e x c ita tio n  o f  th e se  D s ta te s  
in the a lk a line  ea rth  a to m s (C row e, p riv a te  co m m u n ica tio n ).
In  th e  n e x t S ec tio n  2 , w e  p re s e n t in  b r ie f  th e  T- 
m atrix  in  D W  a p p ro x im a tio n  th e o ry  a n d  its  c o n n e c tio n  
w ith  th e  S to k es  p a ra m e te rs . In  S e c tio n  3 , r e s u lts  a re  
p re sen te d  an d  d iscu ssed .
2 . T h e o r e t ic a l  c o n s id e r a t io n s
2.1. T-matrix in DW approximation :
In  th e  p re se n t study , th e  a lk a lin e  e a rth  a to m s  (n a m e ly  C a  
a n d  S r) a re  tre a te d  a s  tw o -e le c tro n  sy s te m s  a n d  th e  e f fe c t 
o f  c o re  e le c tro n s  is  in c o rp o ra te d  in  th e  fo rm  o f  a  c o te  
p o ten tia l. T h e  tran s itio n  m a trix  fo r  th e  e le c tro n  im p a c t  
ex c ita tio n  o f  a lk a lin e  e a rth  a to m s  f ro m  its  in itia l s ta te  i to  
a  fin a l m a g n e tic  su b -s ta te  fu  in  th e  d is to r te d  w a v e  
ap p ro x im a tio n  (D W ) c a n  b e  w ritten  a s
(1)
w h ere  A is  th e  a n tisy m m e tr iz a tio n  o p e ra to r  w h ic h  ta k e s  
in to  accoun t the  e le c tio n  ex ch an g e  e ffec t b e tw ee n  p ro jec tile  
an d  ta rg e t e le c tro n s , V is  th e  to ta l in te ra c tio n  p o te n tia l
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b e tw e e n  th e  ta rg e t a lk a lin e  ea rth  a to m  an d  th e  p ro je c tile  
e le c tro n  g iv e n  by  (a to m ic  u n its  a re  used  th ro u g h o u t)
1 1
V =  - -  + i ‘ r +  V “ '*(r3) (2)
H ere . t\, r j  an d  a re  re sp ec tiv e ly  the  p o s itio n  co o rd in a te s  
o f  th e  ta rg e t v a le n c e  e le c tro n s  an d  th e  p ro je c tile  e le c tro n  
w ith  re sp e c t to  th e  ta rg e t n u c le u s . F u rth e r, th e  c o re  
p o te n tia l, V*"®, o f  the  a lk a lin e  e a rth  a to m  is  g iv e n  by
(3 )
w h ere  7 = 3  an d  4  re sp e c tiv e ly  fo r  C a  an d  S r  a to m s, N^ i 
re p re se n ts  th e  o c c u p a tio n  n u m b e r  o f  th e  e le c tro n s  in  
d if fe re n t o rb ita ls  re fe rre d  to  b y  n an d  / q u a n tu m  n u m b e rs  
an d  RfU is th e  c o rre sp o n d in g  rad ia l w a v e  fu n c tio n s .
Xt iXf^ ) is the  c o m b in e d  w a v e  fu n c tio n  o f  th e  
d is to r te d  w a v e  p ro je c tile  e le c tro n  an d  ta rg e t s ta te  o f  
a lk a lin e  a to m s  in th e  in itia l (f in a l)  c h a n n e l. I t is  d e fin e d
as
y-K-) = F +(“)
w h e re  ¥nf„)'\s th e  in itia l ( f in a l)  s ta te  w a v e  fu n c tio n  o f  
th e  ta rg e t a lk a lin e  a to m  a n d  5 ,(/)(I,2 ;3 ) is  th e  in itia l (f in a l)  
s ta te  sp in  fu n c tio n  fo r  th e  c o m p o s ite  sy s te m  c o n s is tin g  o f  
th e  in c id e n t p ro je c tile  a n d  th e  ta rg e t. re p re se n ts
th e  in itia l ( f in a l)  ch an n e l p ro je c tile  d is to r te d  w a v e  w ith  
th e  w a v e  v e c to r  a n d  th e  a s so c ia te d  su p e rs c r ip t + ( - )  
in d ic a te s  th e  u su a l o u tg o in g  ( in c o m in g )  w a v e  b o u n d a ry  
c o n d itio n . T h e  d is to r te d  w a v e s  a re  th e  so lu tio n  o f
H ere , Ui(n is  th e  d is to r te d  p o te n tia l in  th e  in itia l ( f in a l)  
ch an n e l.
F u rth e r, o n  s u b s titu tin g  th e  e x p re s s io n s  fo r  x l  
X}  ^ f ro m  e q . (4 )  in to  th e  e x p re ss io n  o f  th e  T -m atrix  (eq . 
( 1)), w e  g e t
_ | F ' ( k f , r ^ ) l ^ f y J r ^ . r 2 ) S f ( l , 2 ■ : i ) \ v - U f \
F ^ ( k „ r M r i ^ r ^ ) S , ( W )
jF-{kj,r^ytff„ih,r2)Sf (1.23) |v - 1//1'
\  F ^ ( f t„ r ,)v r ,( r3 .r2 )5 ,(3 .2 ;l)
(6)
F u rth e r , th e  s c a tte r in g  a m p litu d e  om  in  th e  ‘c o llis io n  
f ra m e  o f  r e fe re n c e ’ fo r  th e  e le c tro n  im p a c t  ex cita ticn i o f  
th e  a to m  f ro m  an  in itia l s ta te  i to  a  f in a l m a g n e tic
s u b s ta te  / «  is  r e la te d  to  th e  D W  tra n s itio n  m atrix  eleme
by
2rr 'ifA.
T h e  e x p re ss io n  fo r  th e  T -m atrix  eq . (6 ) c a n  be simplitie, 
fu r th e r  fo r  a  sp e c if ic  tra n s itio n  b y  ca rry in g  out th 
in te g ra tio n  o v e r  th e  sp in  c o o rd in a te s . In  th is  paper, w 
c o n s id e r  tw o  ty p e s  o f  tra n s itio n s  : ( i)  th e  ex cita tion  fror 
th e  g ro u n d  n  '5  s ta te  to  e x c ite d  n' ‘D i.e. singlet t 
s in g le t (S S ) tra n s itio n  an d  ( ii)  th e  ex c ita tio n  from th 
g ro u n d  s ta te  n '5  s ta te  to n' s ta te s  i.e. s in g le t to triple 
(S T )  e x c ita tio n s  in C a  (n  =  4 , n '  =  4 . 5 ) an d  Sr (n = 
« '=  5 , 6 ). W e g iv e  h e re  a  b r ie f  o u tlin e  h o w  to  evaluat 
th e  r -m a tr ix  fo r  e a c h  S S  an d  S T  e x c ita tio n  processes.
Singlet-singlet excitations (n ‘S-n’ ‘D)
In  th e  s in g le t- s in g le t e x c ita tio n s  th e  s c a tte r in g  takes plac 
in  th e  d o u b le t m o d e  i.e. th e  to ta l sp in  o f  the  system .S 
1/2. T h e  d o u b le t m o d e  sp in  fu n c tio n  S, (Sf) in terms n 
th e  u su a l D irac  m a tr ic e s  a  a n d  fo r  the  composii 
sy ste m  is g iv e n  by  [6 ]
*S,(y)(1 .2;3) — - ^ 0 t 3 ( 0 ! | ^ 2  • (S
S u b s titu tin g  Suf) in  eq . (6 ) a n d  c a rry in g  o u t the spii 
in te g ra tio n  u s in g  th e  o r th o g o n a l p ro p e rtie s  o f  individuii 
sp in  fu n c tio n s  i.e.
(5 ) A 1 ^ , )  =  5,2,
w e  g e t
T a. yiC:— * iA. “■ 4 if, (10'Vm ~ ' t f «  ‘ ifM 
In  e q . (1 0 ), a n d  Ty* a re  th e  sp in  av e rag ed  direc 
an d  e x c h a n g e  T -m a trice s  e x p re s s e d  as
( r „ r 2 ) ( F - f / / ( r 3 ) ) f "
(*„r3)vf,(r,.rj)d>-,dlr2<ir3, ( "
F * {k t ,r { )^ t(r^ ,r2 )d ry d r2 d r^ .
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Singlet-triplet excitations (n 'S-n' D^)
In the s in g le t- tr ip le t e x c ita tio n s , th e  sc a tte r in g  tak es  p la ce  
in the d o u b le t m o d e , i.e. in  th is  m o d e  a lso  th e  to ta l sp in  
of the co m p o s ite  s y s te m  S = 1/2. T h is  is b e cau se  o f  the 
conservation o f  th e  to ta l sp in  o f  the  sy s te m  d u r in g  the 
excitation p ro ce ss . T h e  e x p re s s io n s  fo r  5, an d  Sj in th e  
ST excita tion  a re  g iv e n  by
= ^ [ 2 a , a 2 / 3 3  - 0 3 (0 ,18 2  + 0 2 A  ) 1 .
(13 )
(1 4 ) ,
On sub stitu ting  th e se  in th e  T -m atrix  eq . (6 ) an d  c a rry in g  
out the sp in  in te g ra tio n s  w e  g e t
(15 )
Here, the d ire c t  tra n s itio n  m a trix  d o e s  no t ap p ea r 
because th e  S T  e x c ita tio n  c a n n o t tak e  p la ce  w ith o u t an 
interchange o f  th e  p ro je c tile  an d  ta rg e t e le c tro n .
Choice of distortion potential and wave functions
For the ca lc u la tio n  o f  th e  d is to r te d  w a v e s  u s in g  eq . (5), 
the d is to rtion  p o te n tia l  is tak en  as  the  sum  o f  the 
spherical av erag e  o f  s ta tic  p o ten tia l an d  ex ch an g e  d isto rtion  
potential i.e,
(w ith  a  =  i o r  f). (16 )
Here, (0a|V ^|0a) is  th e  sp h e r ic a lly  av e rag ed  s ta tic
potential o f  th e  a lk a lin e  e a rth  a to m  in th e  in itia l (a =  /) 
or final {a ^ f) s ta te  a n d  is  g iv e n  by
oo 2
C  ( '3) =  -  -  +  (r3 ) +  2 f  r, V r ,
r-i J  m a x ( r j . r j )
(with a  =  I o r  / ) .  (1 7 )
,^(f) is the  e x c h a n g e  d is to r tio n  p o te n tia l in  th e  in itia l 
(final) ch an n e l a n d  is  ta k e n  f o r  th e  w o rk  o f  F u rn e ss  an d  
M cCarthy [7].





P a ( ' ')  =  J | 0a ( r , r ^ ) j  d / i s  th e  s p h e r ic a l a v e rag e  o f  
•he one e le c tro n  c h a tg e  d e n s ity  o f  th e  a lk a lin e  a to m  in  
the initial o r  f in a l c h a n n e l.  T h e  v a lu e  o f  th e  p a ra m e te r  T 
t**pends on  th e  to ta l  s p in  o f  th e  c o llid in g  sy s te m  an d  is
tak en  from  th e  p a p e r o f  V ucic  et al [8 ]. F o r  e x a m p le , in  
ca se  o f  the ex c ita tio n  o f  C a  a to m , fo r  th e  ch an n e l e - C a  
(n^L) r  =  -1  an d  fo r  th e  ch an n e l c +  C a  (« '£ ,) , T -  1. 
T o o b ta in  an d  p„, w e u se  the  sam e  ta rg e t w a v e  
fu n c tio n s  as fo r  the  ev a lu a tio n  o f  th e  T -m atrix .
In o rd e r  to  ev a lu a te  in te g ra ls  |eq» . (1 1 ) an d  (1 2 )] , w e  
req u ire  th e  w ave  fu n c tio n s  fo r  C a  an d  S r a to m s  in th e ir  
in itia l an d  final s ta te s . F o r  th is  p u rp o se  th e  H a rtre e -F o c k  
w av e  fu n c tio n s  hav e  been  u sed  w h ich  a re  o b ta in e d  f ro m  
the  F is c h e r ’s c o m p u te r  co d e  19).
2.2 . Stokes parameters P, (i =  1-4) :
T h e  d iffe ren tia l S to k es  p a ra m e te rs  P, (i = 1 -3 )  fo r  th e  
pho to n  em itted  a fte r  the  e x c ita tio n  o f  a to m s  b y  e le c tro n s , 




/ ( 0 ° )  - /(9 0 ° )
/( ( )“) +  /( 9 0 ° )  ’ (1 9 )
/ ( 4 5 ° ) - / ( 1 3 5 ° )
/ ( 4 5 ° )  +  /(1 .35°) ■ (20 )
/ ( R H C ) - / ( L H C )
/( R H C )  + /( L H C )  • (21 )
W hile , an a lo g o u s  to  P | ,  th e  S to k es  p a ra m e te r  P 4 m e asu re d  
p a ra lle l to  the  .scattering  p la n e  is g iv e n  b y
P4 =
/ ( 0 ° ) - / ( 9 0 ° )  
/ ( 0 ° )  +  / ( 9 0 ° ) ' (22)
w h ere  / ( 0) is the  in te n sity  o f  lig h t w ith  p o la riz a tio n  
de tec to r in the  0  d irec tio n  w ith  re sp e c t to  in c id e n t e le c tro n  
d irec tio n  an d  I (R H C ) an d  1 (L H C ) a re  re s p e c tiv e ly  th e  
in ten sitie s  o f  the r ig h t an d  le ft c irc u la r ly  p o la r iz e d  lig h t 
c o m p o n e n ts , resp ec tiv e ly .
B lu m  [10] g a v e  e x p lic it  e x p re ss io n s  fo r  th e  S to k e s  
in ten sitie s  in te rm s  o f  th e  s ta te  m u ltip o le s  (T{L)*^ Q'j fo r  
the  p h o to n s  em itted  in  d irec tio n  {6y,p^ in  c o in c id e n c e  
w ith  the  sca tte re d  e le c tro n s  a f te r  im p a c t e x c ita tio n  o f  an  
a to m ic  s ta te  w ith  o rb ita l a n g u la r  m o m e n tu m  L a n d  an  
e le c tr ic  d ip o le  tran s itio n  to  a  s ta te  w ith  o rb ita l a n g u la r  
m o m en tu m  Li in th e  ‘co llis io n  f ra m e  o f  re fe re n c e ’. T h u s , 
the  S to k es  p a ra m e te rs  P ,(i =  1 ,2,3 an d  4  ) fo r  an y  L —» 
L2 d e cay  m ay  b e  g iv e n  by
P - . l  ‘
‘ f "  \L L
j |G 2 ( I ) (T ( L )J o ) - G 2 (L ) ( r (L ) 2 * 2 )
(2 3 )
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P, =
1 1 1 2
V 1^ - L
1 1 1 1
L L




’ G j(L )(7 (L )Jo }  + G j {L )(T {L )1 ^)
(26)
w h ere
3 (2 L + 1 )
W
1/2 G o a - ) ( r (L )S j) -
1 1 2 
L L L2
' ^ { n L r ^ ) + G 2 i L ) { n L y 2 2 ) (2 7 )
an d
_|sL+i,2
3 (2 L  +  1) 
GjGL)
1/2 G o (Z .)( r (L ) i,) -
1 1 2 
L  L  L i
’^ { n L ) * i o ) ~ G 2 i L ) { n L ) i 2 ) (2 8 )
G jK ^)  a re  the  d ep o la riza tio n  p e rtu rb a tio n  co e ffic ien ts  w h ich  
ac c o u n t fo r  th e  f in e  s tru c tu re  o f  th e  f in a l e x c ite d  s ta te  
a n d  a re  g iv e n  by
2
(2 9 )1 ^
w h e re  S  is  th e  e le c tro n  sp in  a n d  7  =  L  +  5  is  th e  to ta l 
an g u la r  m o m en tu m  o f  the  a to m . T h e  G x(L ) a re  n o rm a lized  
su c h  th a t Go(f.) =  1 fo r  a ll L.
F u rth e r, \TiL)^Q'  ^ a re  th e  s ta te  m u ltip o le s  o f  th e  
e x c ite d  s ta te  w ith  o rb ita l a n g u la r  m o m e n tu m  L. T h e s e  
s ta te  m u ltip o le s  a re  re la te d  to  th e  c o m p le x  sc a tte r in g  
a m p litu d e s  a s
' n D ^ Q ) ^  ( - ! ) " ■ " ' ( 2 i : + i )
(u (W ')f l(A f)* )  .
w h ere
'  f 2 ( 2 5 ,+ 1 )
5 ) ( 2 5  +  l )a (A f ')* f l(A /)^
1/2(  L L
m ' - m - q
(30)
(31)
H e re , a(My is  th e  s c a tte r in g  a m p litu d e  fo r  excitation of 
th e  m a g n e tic  s u b s ta te  M in  th e  c h a n n e l w ith  total spm s 
a n d  Si is th e  sp in  o f  th e  in itia l ta rg e t s ta te . From  the 
p rop e rtie s  o f  the  2j sy m b o l, th e  va lu es  o f  K an d  component 
Q o f  th e  m u ltip o le s  a re  re s tr ic te d  by  th e  cond ition  K < 
2L and -Q  ^ K ^ Q.
T h e  s ta te  m u ltip o le  (T(L)^yis a  m e asu re  o f the 
ove ra ll po p u la tio n  o f  the  a to m ic  s ta te  an d  can  be expressed 
in  te rm s  o f  th e  d if fe re n tia l c ro s s  s ec tio n  cr as
(7’(i^)m ) = -( 2 L + 1 ) ‘'2  . (32)
F u rth e r, w e  se e  f ro m  eq . (2 5 ) th a t (7 '( f< ) ic )  describes the 
o r ie n ta tio n  o f  th e  s ta te  an d  th u s  th e  c irc u la r  polarisation 
o f  th e  e m itte d  p h o to n s . T h e  s ta te  m u ltip o le  
d e sc r ib e s  th e  a lig n m e n t o f  th e  a to m ic  s ta te  an d  thus gives 
th e  an iso tro p ic  p a r t  o f  th e  c o in c id e n c e  ra te  an d  the linear 
p o la riz a tio n  o f  th e  e m itte d  p h o to n . A lso  no te  that for 
d ip o le  t r a n s i t io n s  it is  im p o s s ib le  to  a c h ie v e  state 
m u ltip o le s  w ith  ra n k  K > 2 s in c e  a  s in g le  p ho ton  has an 
a n g u la r  m o m e n tu m  o f  un ity .
'f h e  e x c ite d  n ‘D  an d  n s ta le s  a f te r  excitation 
d e c a y  by  d ip o le  tra n s itio n , p h o to n s  to  the  lo w er P states 
i.e. n an d  n s ta te s . T h e re fo re  ta k in g  L = 2, = I
in  eq s . (2 3 -2 8 ) ,  th e  S to k e s  p a ra m e te r  fo r  a 
d e -e x c ita tio n  p ro c e ss  can  b e  e x p re ss e d  in te rm s of state 





w h e re
^ ^ ( T ( 0 ) ^ ) + o , ( n D ) i )
(37)
(38)
E lec tron  exc ita tion  o f  the D  s ta te s  o f  the a lka lin e  earth  a to m s 1089
3, R esu lts  a n d  d is c u s s io n  d e cay  to  th e ir  lo w er s la te s . T h e s e  P s ta te s  m a y
We consider he re  th e  c a lc u la tio n s  o f  th e  S to k es  p a ram eters  fu rth e r  su b seq u e n tly  d e cay  by  a n o th e r  c a sc a d in g  p h o to n
for C a an d  S r  f ro m  th e  e m itte d  p h o to n s  w h ile  th e ir  em iss io n  to  a still lo w e r  S s ta te .
excited n s ta te s  o f  C a  (n  =  4 , 5 )  an d  S r  (n  =  5 , 6) In  F ig u re s  I an d  2, w e h av e  p re se n te d  o u r  D W  resu lts
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ngure X Stokes parameters Pu Px Pj, P4 for the excitatimi of the 5 state of Ca at 20 and 40 eV incident election eneigies-. DW results of 5 *£>; — "
RDW tesulis of 5 *Z>: —  DW tesults of 5 ^ D ;------- RDW tesults of 5 ’D.
o f  flic S to k e s  p a ra m e te rs  P i ,  P 2 ,  P 3 ,  P 4  re s p e c tiv e ly  fo r  c a lc u la tio n s . W e f in d  th a t f o r  berth th e  4  'D  and  5 '0
th e  e x c ita tio n  o f  4  •^'^ D an d  5 s ta te s  o f  c a lc iu m  a to m , e x c i ta t io n s ,  th e  D W  a n d  R D W  c a lc u la t io n s  ag*'®®
T h e se  re s u lts  a re  c o m p a re d  w ith  th e  o n ly  a v a ila b le  R D W  q u a lita tiv e ly  an d  q u a n tita tiv e ly  in  re a s o n a b le  manner
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cV and in much better way at 40 eV. For the 4 
and 5 excitations, the quantitative agreement of the 
two calculations is not so good. As expected, this may be 
due to the relativistic effect Le. spin exchange and spin- 
orbit interactions which are incorporated in RDW 
calculations in a consistent manner. Comparing the results 
for« = 4 and 5 states of Ca, we notice that the structures 
shown are quite different. It is interesting to note that the
Stokes parameters Py for both the triplet and singlet D 
excitations at 20 and 40 eV have the reverse nature in 
the RDW and DW calculations in the range of forward 
scattering. Consequently, the RDW calculations suggest 
violation of the propensity rule while DW calculations 
obey it and behave in normal manner. This is again due 
to the effect of relativistic contribution which need to be 
verified by future experiments. Similarly, Figures 3 and 4
5’’D P, / \ P .
' V - A  \  /  /'
'■
I f  \  \  " ' h i  \ 
1 1
E = 20eV ;
: 1 
; 1 /  E = 20eV
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Figure 4. Same as in Figure 2 but for the excitation of the 6 state of Sr atom.
p re s e n t th e  S to k e s  p a ra m e te rs  fo r  th e  e x c ita tio n  o f  5  b e h a v io u r  o f  th e  re s u lts  is  s o m e w h a t s im ila r  to  that 
a n d  6  s ta te s  o f  s tro n tiu m  a to m . In  th e se  f ig u re s  a lso , c a lc iu m  a s  p re s e n te d  in  th e  F ig u re s  1 a n d  2.
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4, Conclusion
\Vc have re p o r te d  S to k e s  p a ra m e te rs  fo r  th e  e x c ita tio n  o f  
ihe low er ly in g  D s ta te s  o f  th e  C a  an d  S r  a t 2 0  an d  4 0  
eV, A rea so n a b le  a g re e m e n t is fo u n d  b e tw ee n  th e  re su lts  
predicted by  th e  D W  an d  R D W  th e o rie s . T h e  co n trib u tio n  
of relativ istic e f fe c ts  is  a ls o  d is c u s s e d  in th e  re su lts . W c 
Pelicve th a t o u r  p re s e n t re s u lts  w o u ld  b e  h e lp fu l in 
guiding the  fu tu re  e x p e r im e n ta l m e a su re m e n ts  an d  m ore  
theoretical c a lc u la tio n s .
A ckn o w led g n u its
We are th a n k fu l to  P ro f . A  D  S ta u ffe r  fo r  fru itfu l 
discussions. T h e  f in a n c ia l a s s is ta n c e  fro m  th e  C S IR , N ew  
Delhi is g ra te fu lly  a c k n o w le d g e d . O n e  o f  us (S S ) is 
thankful to  C S IR  fo r  th e  S e n io r  re s e a rc h  fe llo w sh ip .
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